Background: A child's caregiver is key to the successful drug delivery and outcome
InTRODUCTIOn
Children account for a considerable part of the world's tuberculosis (TB) burden [1] , and in South Africa (SA) it is estimated that they account for ~ 15% of the total TB caseload [2] . Recent advances in microbiological diagnosis have improved the ability to determine the paediatric TB caseload [3] . However, treatment has received less attention, despite the urgent need for new paediatric drugs, adequate fixeddose combinations (FDC), paediatric drug formulations and child-friendly regimens.
Adherence to TB treatment is a particular challenge in children. Administration of drugs requires a reliable caregiver; the dosage must be calculated according to bodyweight with dose adjustments required during treatment; drug formulations at required dosages are often unavailable and tablets need to be split. As small children cannot swallow tablets, they must be crushed or dissolved, leading to dosing inaccuracy and refusal of intake owing to the bitter taste. The caregiver bears a considerable responsibility for successful treatment outcome. Understanding caregivers' perceptions and practices regarding administration of TB medication is important to improve management and reduce barriers to successful delivery of TB drugs to children [4] . The aim of this survey was to investigate caregivers' practices and perceptions related to the treatment of children with TB in an area with a high prevalence of TB.
METHODS
A prospective questionnaire-based study was undertaken at the Red Cross War Memorial Children's Hospital, Cape Town from May 2011 to April 2013. Consecutive caregivers of children (aged <15 years) with suspected pulmonary TB who were enrolled in a cohort study evaluating novel TB diagnostics [5] and who received treatment for TB were interviewed at the child's follow-up visits at 1 (M1), 3 (M3) and/or 6 months (M6) after treatment initiation to assess practices and perceptions at different time-points during the course of treatment. Treatment was according to local guidelines and was overseen at the TB clinics.6 Local recommendations on TB include daily treatment, and dosage is according to weight categories. In the study area, directly observed therapy (DOT) is not commonly used in outpatient treatment; for children, the caregiver provides the daily treatment. The frequency of TB clinic visits, ranging from daily to monthly, is determined by the clinic according to the anticipated adherence of the patient or caregiver.
An identical standardised questionnaire was administered at M1, M3 and M6. It was administered face-to-face by the same research staff to the person accompanying the child for the follow-up visits. If the interviewee did not speak English, the questionnaire was administered by research staff speaking the respondent's language (Xhosa or Afrikaans). The questionnaire included questions about the interviewee's relationship to the child, visits to the TB clinics, preparation of medication, treatment administration, treatment tolerance, and co-administration of other long-term medication. Questions were dichotomous, nominal and ordinal polytomous; some questions included options for open-ended answers. Additional demographic and clinical data were available from the study database.
Statistical analysis
For descriptive data analysis, ranges, ratios, medians and means were calculated.
Comparisons were undertaken using the Wilcoxon rank-sum and x² tests; P < 0.05 was considered statistically significant. Questionnaires not matching the M1, M3
and M6 time-points and incomplete questionnaires were excluded from analyses. 
RESULTS
Caregivers of 253 children being treated for TB were interviewed and a total of 434 surveys were performed; seven (1.6%) were excluded from analyses (six owing to wrong survey time-points, one was incomplete). Of the remaining 427 surveys, 168 (39%) were performed at visit M1, 165 (39%) at visit M3, and 94 (22%) at visit M6.
One, two and three surveys were done for 120 (48%), 92 (36%) and 41 (16%) children, For 365 (85%) surveys, the mother was the interviewee, followed by the father in 20 (5%), the aunt in 12 (3%), the grandmother in 10 (2%) and others in 20 (5%) these included sister, foster mother, grandfather, friend, nurse, caregiver). The interviewee was the main person administering TB medication consistently during the course of treatment in 155 (92%), 145 (88%) and 82 (87%) M1, M3, and M6 surveys, respectively.
The most common schedule for visiting the TB clinic was 1-3 times per week, followed by monthly, twice monthly and daily ( Table 1 ). The frequency of TB clinic visits decreased throughout the course of treatment (Table 1) . Obtaining repeat weight/s on the child during follow-up visit/s to the TB clinic was reported in 53-70% of surveys (Table 1) . However, even amongst those who reported that children were weighed at the clinic, treatment dosage adjustment according to bodyweight was reported in only 41/269 (15%) cases.
Amongst children attending TB clinics, 16/226 (7%) caregivers reported that the clinic had been out of stock of medicines on at least one occasion, and 4/226 (2%) had to leave the clinic without drugs as a consequence, resulting in no treatment for 1-7 days. Sixteen (4%) caregivers reported that the child had missed an appointment at the clinic, and in three cases alternative arrangements had been made by the clinic staff. TB medication was taken daily by 418 (98%); one respondent reported giving medicines on Monday to Friday.
Of 427 respondents, 296 (69%) stated that TB medication was administered at the same time each day, most commonly in the morning (52%), followed by the evening (8%) and afternoon (7%); a few respondents reported splitting drug administration in the day (Table 1 ). Most interviewees reported that TB medication was given after meals while around one-quarter gave the drugs before meals (Table 1) . TB medication was crushed, dissolved and/or mixed with food in 69% while 30% reported that medication was swallowed or chewed ( Table 1 ). The median age of children who chewed or swallowed TB medication was 96 months (IQR 61-136) while that of children for whom tablets were dissolved, crushed or mixed with food was 28 months (IQR 16-53, P , 0.0001).
Administration of TB medication was classified as 'very easy', 'easy' or 'not difficult' by 88% of interviewees and as 'somewhat difficult' or 'very difficult' by only 9% of respondents (Table 1) . Of respondents who gave a 'very easy', 'easy' or 'not difficult' rating, 66% crushed, dissolved and/or mixed, and 33% chewed or swallowed the tablets. Of respondents who gave a 'somewhat difficult' or 'very difficult' rating, 95% crushed, dissolved and/or mixed tablets, while 5% chewed or swallowed them.
Children for whom administration was rated 'very easy', 'easy' or 'not difficult' were significantly older than those for whom administration was difficult [median age Skipping medication was reported by 8%, 15% and 14% at M1, M3 and M6, respectively; there was no association with treatment length (P50.144) ( Table 1) . Two respondents (one at M1 and one at M6) reported interruption of TB medication; interruption at M1 was owing to hepatitis [which retrospectively was either drugrelated or owing to Epstein-Barr virus (EBV)], while that at M6 was the father's decision. Interviewees who reported skipping TB medication specified that this occurred nearly every day in one case (2%), once or twice a week in 6 (12%), once or twice a month in 29 (56%), or only once or twice in 12 (23%), with a single dose omitted for only or up to 1 week of treatment interruption; four (8%) did not specify skipping.
An adverse drug reaction was reported in 25 (10%) children. Nausea and/or vomiting were the most common adverse reactions (16/253, 6%), followed by rash (6/253, 162 2%), and constipation, hepatitis and fever (in one each, ,0.5%). Twenty-eight per cent (119/427) reported administration of other regular medicine; in 54/427 (13%), this was antiretroviral treatment (ART). Twenty-eight (52%) caregivers gave ART before TB medication, 19 (35%) gave TB medication first, and seven (13%) reported no specific order, or did not know. were lost to follow-up and 17 (7%) needed TB treatment for more than 6 months.
Longer TB treatment was indicated owing to defaulting treatment, drug-resistant TB or extra-pulmonary TB regimens in 11/17 children. Six children had persistent signs and symptoms after 6 months of TB treatment; of these, two swallowed and four crushed their TB medication, and five took it after meals.
DISCUSSIOn
Regular, correct administration of drugs is crucial in the treatment and outcome of TB disease in young children, and they are therefore highly dependent on their caregivers. In this survey, two-thirds of children were under 5 years of age, reflecting the age distribution of severe TB disease in children and highlighting the challenges of delivering effective TB treatment. To our knowledge, this is the first study to investigate caregivers' practices and perceptions of providing treatment to children in South Africa, providing insight into local practices at different times during TB treatment.
Most respondents reported follow-up at TB clinics 1-3 times per week during the period of intensive treatment, with less frequent visits during the maintenance phase. This is consistent with South African guidelines to monitor children on TB treatment at least monthly during the intensive treatment [6] . Worryingly, only half of the interviewees reported that the child was weighed at the clinic, an important procedure to adapt treatment dosage to weight gain and thereby avoid under-dosage.
The reports of TB clinics being out of stock and the resulting treatment interruptions are also of concern as this may promote development of drug-resistant TB and compromise adherence.
More than two-thirds of caregivers administered TB medication after meals. This is contrary to the common TB treatment recommendations to take drugs on an empty stomach. A recent meta-analysis of studies assessing the impact of food on the two most important pharmacokinetic parameters of antituberculous treatment, Cmax (maximum concentration) and AUC (area under the curve) of both rifampicin (RMP) and isoniazid (INH), showed significantly reduced Cmax and AUC for INH and significantly reduced Cmax for RMP if taken with food [7] . Paediatric pharmacokinetic studies confirming good serum drug concentrations using the revised paediatric World Health Organization dosage recommendations were performed on fasting children [8, 9] . Sub-therapeutic drug levels, which may result from interaction with food, were associated with unfavourable treatment outcome and acquired drug-resistance [10] However, there is relatively little information on the effect of 164 food on drug levels in children [11] . The common local practice of administering paediatric TB medication with meals highlights the urgent need for studies to assess pharmacokinetic variables under 'real world' conditions, i.e. in non-fasting children.
Given the currently limited knowledge, it appears reasonable to recommend that TB medication be administered on an empty stomach. Poor tolerability is unlikely as children usually tolerate TB drugs better than adults [12] ; this is supported by the few adverse drug reactions reported in our survey.
The methods used to administer drugs may also affect therapeutic levels, particularly in children who are unable to swallow tablets. In this survey, more than ritonavir) have resulted in reduced bioavailability of both drugs [13] , and crushed INH tablets have been associated with treatment failure [14] . Although studies which assess drug pharmacokinetics in children use crushed tablets, they are prepared in a standardised way, using water for dissolving, and therefore may not represent 'real world' preparation practices.
Most children in this study responded well to TB treatment and were able to stop TB treatment after 6 months, suggesting that treatment had been effective.
However, as children were not followed up after completion of TB treatment, longterm outcomes are unknown.
Almost 90% of respondents rated drug administration as easy; however, this was strongly associated with older age. Paediatric drug formulations (dosage format which is suitable for accurately, safely, effectively and adherently administering a medication to children of various ages [4] ) are available for some diseases [15, 16] 
DISCLAIMER STATEMEnTS
Contributors WI, FB and HJZ contributed to the conception and design of the study. 
ETHICS APPROVAL
The study was approved by the Research Ethics Committee of the Faculty of Health Sciences, University of Cape Town.
We thank the caregivers and children for their participation. We thank the staff and management of Red Cross Childrens War Memorial Hospital for their support of the study.
